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Experiments  conducted by Dr.  Carrel in  this laboratory revealed 
that chicken fibroblasts underwent a  very characteristic change when 
cultivated  in  serum  which  had  been  submitted  to  irradiation  by 
cathode  rays.  The  cells resembled in  appearance  those  of  colonies 
cultivated in proteoses or peptones.  Their cytoplasm was completely 
filled with granulations but, unlike degenerating cells, they maintained 
long, sharp, active pseudopods.  They did not, however, undergo the 
rapid  proliferatiofl which is  caused by partially hydrolyzed protein. 
On the other hand, they multiplied slightly more rapidly than control 
tissues cultivated in portions of the serum that had not been irradiated. 
These phenomena indicated that the cathode rays had produced cer- 
tain  chemical  changes  in  the  serum,  probably  in  its  protein  con- 
stituents.  The following study was made in an attempt to ascertain 
the nature of these changes. 
The cathode rays were supplied by a Coolidge cathode ray tube,  1 operated at 
about 200 kilovolts (Tables I  and II), and 0.2 milliamperes.  The electrons did 
not penetrate more than a millimeter beyond the surface of the serum, so that the 
material was exposed either directly in the form of a thin layer, or in a cell behind 
a very thin mica window.  In the latter case, much longer exposures were neces- 
sary, and the liquid was kept constantly stirred. 
Fifteen cubic centimeter samples of chicken plasma were coagulated on Petri 
dishes of 180 sq. era. area and exposed in a nearly vertical position 8 era. from the 
window of the cathode ray tube.  Exposures were made for 30 and  45 minutes. 
The serum was extracted from the irradiated plasma and also from control samples 
of coagulated plasma by grinding with sand.  The cryoscopic points were deter- 
mined and any necessary correction for evaporation was made.  All samples were 
analyzed (1) for total nitrogen by the Pregl  2 micro method, (2) for amino nitrogen 
1 Coolidge, W. D., J. Franklin Inst., 1926, 202, 693. 
Pregl, F., Die Quantitative Organische Mikroanalyse. 
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by the Van Slyke  8 method, and (3) for non-protein nitrogen by precipitation with 
trichloracetic acid and determination  of the nitrogen in the filtrate.  There was a 
decided decrease in the concentration  of protein nitrogen, the loss being from 32 to 
42 per cent of the quantity originally present (Table I).  There was a  decrease in 
amino nitrogen corresponding to the loss of protein, and a small but significant 
increase in non-protein  nitrogen of 15 to 42 mg. per 100 cc. (Table II).  Since the 
protein which had disappeared did not appear in the non-protein fraction, it had 
evidently become insoluble and had been removed with the fibrin in transforming 
TABLE  I 
Effect of Cathode Rays on the Concentration of Protein Nitrogen in Serum 
Kind of serum used 
~hicken  serum  from 
irradiated plasma 
1 
2 
3 
~hicken serum  irradi- 
ated as such 
4 
)x serum 
5 
6 
7 
8 
Time of 
exposure 
30 
45 
45 
]~t$, 
2½ 
5 
3 
3 
3 
Voltage in 
kilovolts 
210 
210 
195 
160 
180 
180 
195 
195 
Concentration of protein nitrogen 
In control 
~era, mg. per 
I00  cc. 
474 
399 
664 
555 
1,135 
1,130 
1,146 
1,204 
In irradiated 
sera, rag. per 
100 cc. 
273 
243 
454 
510 
1,015 
1,110 
1,066 
1,144 
Decrease 
rag. per  per cent of 
original  con- 
100 cc.  centrafion 
201  42 
156  39 
210  32 
45  8.1 
120  10.6 
20  1.8 
80  7.0 
60  5.0 
the plasma to serum.  This supposition was substantiated in later experiments in 
which serum itself was irradiated. 
Aflat, vertical cell of about 20 cc. capacity was used for the irradiation of serum. 
The rays were admitted through a mica window 0.01 ram. thick and about 7 sq. 
cm. in area.  Vigorous stirring was effected by means of a glass paddle.  The time 
of irradiation  varied from 2½ to 5 hours (Tables I and II). 
Both ox serum and chicken serum were irradiated in the cell.  The chemical 
changes observed were strictly analogous to those noted in the serum from the 
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irradiated plasma (Tables I and II).  During the course of the irradiation, a tough 
coating of yellowish-brown solid formed on the window of the cell.  It was in- 
soluble in dilute acids and alkalies, unchanged by alcohol and ether, but dissolved 
in  concentrated  nitric acid.  The  serum  removed from  the  cell was  distinctly 
opalescent, hut no separation of solid material was obtained when it was centrifuged 
for a half hour, at 36,000 r. p. m. at 12 cm. radius. 
The solid  which collected on the window of the cell was dried  and weighed. 
Analysis showed it to contain 11.8 per cent nitrogen.  The decrease of nitrogen in 
TABLE  II 
Effect of Cathode Rays on the Concentration oJ Non-Protein Nibrogen in Serum 
Kind of serum used 
Chicken  serum  from 
irradiated plasma 
1 
2 
3 
Chicken serum irradi- 
ated as such 
Ox serum 
Time of 
exposure 
30 
45 
45 
2½ 
5 
3 
3 
3 
Voltage in. 
kilovolts 
210 
210 
195 
160 
180 
180 
195 
195 
Concentration of non-proteln  nitrogen 
In control sera,  In irradiated 
rag. per  100 cc.  sera, mg. per 
I00 cc. 
66.0"  108.0" 
26.9*  42.1" 
92.0  107.0 
10.5*  14.7* 
43  72 
59  79 
45  96 
46  77 
Increase, 
rag. per 100 cc. 
42.0 
15.2 
15.0 
4.2 
29 
20 
51 
31 
* Precipitation by trichloracetic acid. 
the total amount of serum irradiated was equal, within the limits of experimental 
error, to that which separated in the solid material. 
In order to ascertain whether the cathode rays were affecting the 
albumin or the globulin of the sera,  samples were analyzed for their 
albumin and globulin contents by precipitation with 22 per cent sodium 
sulfate at 33°C.  In the ox serum,  there was an average decrease in 
albumin corresponding to 600 rag. of nitrogen per 100 cc., or 88 per cent 
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an apparent average increase of 475 rag. of nitrogen per 100 cc.  It could 
readily be shown, however, that this apparent increase in the globulin 
fraction was not caused by the formation of globulin, but rather by the 
production of denatured albumin which, like globulin, precipitates with 
22 per cent sodium sulfate.  This was demonstrated by a test on some 
crystalline egg albumin, about 40 per cent of which was denatured by 
heating at 40°C.  In this sample of albumin, exactly the same quan- 
tity was precipitated by sodium  sulfate as by adjusting to the iso- 
electric point of denatured albumin.  In the chicken serum, there was 
a decrease in the globulin fraction as well as in the albumin fraction, 
showing that globulin also is converted to insoluble material. 
Irradiation of solutions of pure proteins showed that the changes 
observed in the sera were properties of the proteins as such, and not 
dependent on the presence of other constituents of the serum. 
Samples of crystalline egg albumin recrystallized three  times, egg globulin 
precipitated twice with ammonium sulfate, and  casein dissolved in 1 per cent 
sodium carbonate, were irradiated.  In each case, a tough, insoluble deposit was 
formed on the window  of the cell and a small amount of non-protein nitrogen was 
produced.  About  92 per cent of the albumin was denatured.  Fifty-nine per cent 
of the globulin and  11  per cent of the casein separated as insoluble material. 
When the albumin was irradiated in 0.9 per cent salt solution  instead of water, more 
of the denatured material remained in solution.  This fact explains the apparent 
increase of globulin in the irradiated sera, which was noted above.  Further evi- 
dence of denaturation was given by a positive nitroprusside reaction in the irra- 
diated albumin. 
It is interesting to note that the  chief effect of  cathode rays on 
proteins is similar to that of ultraviolet light observed by Harris# and 
of sunlight as observed by Young.  s 
Although the change of greatest magnitude brought about in the 
proteins by means of the cathode rays was that of denaturation, there 
was, as stated above, both in serum and in pure protein solutions a 
small  increase  in  the  non-protein  nitrogen.  In  order  to  ascertain 
whether this should be ascribed to hydrolytic cleavage of the protein 
molecule or to some other type of change, an attempt was made to 
determine the nature of the products formed. 
4 Harris, L. G., Proc. Roy. Soc., Series  B, 1923, 94, 426. 
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The separation of proteins from their hydrolytic products depends upon their 
relative  solubilities  in various reagents.  As shown by Hiller  and  Van  Slyke, s 
sodium tungstate  precipitates  a  large  amount  of  the  intermediate  proteolytic 
products, such as the proteoses, while 2½ per cent trichloracetic acid allows a much 
larger  proportion  of  these  to  remain  in  solution.  Unpublished  experiments 
carried  out  in  this  laboratory indicate  that  2~  per  cent  trichloracetic  acid as 
recommended by Hiller and Van Slyke, s and even 2 per cent trichloracetic acid as 
used by Wasteneys and Borsook,  ~ precipitate not only the original protein, but 
also  substances formed from it  which do not possess  all  the properties  of the 
original material.  Since it  seemed  likely that any hydrolytic cleavage  of the 
protein produced by cathode rays would result in large fragments of the protein 
molecule, the probability existed that such products would be precipitated with 
the  protein  by trichloracetic  acid.  An attempt  was  therefore  made  to  see  ff 
removing the protein by coagulation with heat at its  isoelectric point would give 
TABLE  III 
Coonparison of Non-Protein Nitrogen in Irradiated Sera as Determined by Trichlor- 
acetic Acid Precipitation and by Heat Coagulation 
Precipitation  by trichloracetlc  acid  Heat coagulation  of  protein  at pH 5.6 
Increase on irra-  Control, mg. per  Experiment,  Increase on irra-  Control, nag. per  Experiment, nag.  diatlon, rag. per 
100 cc.  per 100 cc.  100 cc.  lO0 cc.  rag. per I00 ce.  dk~tion,  mg.  per  100 cc. 
43  58  13  J  43  72  20 
39  50  11  ]  59  79  20 
25  36  11  45  96  51 
any further evidence of the formation of such protein-like degradation products 
by the irradiation. 
Two cc. of the irradiated serum and its control were diluted to 20 cc. with water. 
The pH was then adjusted to from 5.5 to 5.6, and the solutions heated to 100°C. 
for 2 minutes.  As 5.5 is the isoelectric point of serum globulin  and 5.4 that of 
denatured serum albumin, this procedure seemed best adapted for removing the 
protein by coagulation.  The solutions were filtered and the filtrates analyzed for 
nitrogen by the PregF micro Kjeldahl method.  The concentration of nitrogen in 
these filtrates was higher than that in the filtrates from the trichloracetic acid for 
both the controls and the irradiated sera, and, moreover, the  difference between 
the irradiated and the controls was also larger (Table HI).  These results indicate 
that products are formed by irradiation which are thrown down with the protein 
when trichloracetic acid is used for precipitation. 
These filtrates, and also the filtrates from the trichloracetic acid precipitation, 
were analyzed for amino nitrogen by the colorimetric method of Folin.S  In both 
Hiller, A., and Van Slyke, D. D., J, Biol. Chem., 1922, 53, 253. 
Wasteneys, H., and Borsook, H., J. Biol. Chem., 1924-25, 62, 1. 
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cases, the filtrates from the irradiated sera contained a higher percentage of amino 
nitrogen than those from the corresponding  controls.  This difference amounted 
to from 1 to 3 mg. per 1O0 cc.  It is evident, therefore, that a slight  hydrolytic 
cleavage of the protein molecule takes place, although it is very small in comparison 
with the amount of protein denatured. 
Tests were also made on the non-protein fraction of the irradiated sera  for 
changes in the ammonia and urea concentrations.  A slight increase in ammonia 
occurred,  but no increase  in urea.  In some cases,  the very small  decrease  in 
urea of 1 rag. per 100 cc. indicated that some of the ammonia might be  derived 
from that source.  When a 0.1 per cent aqueous solution of urea was irradiated for 
3 hours, 11.4  per cent of the urea nitrogen was transformed to ammonia. 
SUMMARY AND  DISCUSSION 
The effects of cathode rays on the proteins of serum appear to be 
(1)  denaturation  of a  large proportion of the albumin  and  globulin 
with the formation of products that are soluble at the pH of the serum; 
(2) the production of a tough and exceedingly insoluble substance on 
the window of the cell where most of the absorption of electrons occurs; 
(3)  a  slight hydrolytic cleavage of the protein molecule producing a 
small quantity of products having properties so near to those of the 
protein that they are precipitated by trichloracetic acid but are not 
removed by coagulation at the isoelectric point; (4) the production of a 
small amount of hydrolytic products not precipitated by trichloracetic 
acid;  and  (5)  the formation of a  small  amount of ammonia,  part of 
which at least is derived from the urea in the serum. 
It is interesting to note that these changes are such as would bring 
about exactly those effects on fibroblasts which were observed when 
cultures were grown in serum which had been subjected to cathode ray 
irradiation.  The  proteins  of  serum  have  a  retarding  effect on  the 
growth of fibroblasts.9  We might, therefore, expect their removal by 
denaturation  and  coagulation to result in the slightly larger growth 
which was observed.  The production of SH groups in the denatured 
protein molecule would also tend to have a beneficial effect, as has been 
observed in  experiments with  denatured  albumin.  A  concentration 
of protein split products equal to that in the irradiated sera has been 
observed to produce cells of characteristic  appearance,  full of cyto- 
plasmic granulations and possessing long, active pseudopods, such as 
those noted in colonies cultivated in serum which had been subjected 
to cathode rays. 
9 Carrel, A., and Ebeling, A. H., J. Exp. Med., 1923, 37, 653. 